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PAGE 1
CIL ITEN i FIOD-AX-02 71 PREPARED
FMEA [OOE  FI0D-AX H) APPACVED
COMPONENT * PROPELLAMT YALVE ACTURTOR POSITION COMTROL 9} DATE
PART HUMEER 3 REWYS 103 REVISTOM/THANGE
SYSTEMfSUBSYSTEH = DOMENOLLEN/F200-KX 11} EFFECTIVITY
FAILURE WODE * FALLURE OF THE SERVOACTLWTOR ERRCA iNDICATION INTERAUFT MONITOR STSTEN 121 NAFARD NEFERENCE

13) crop ¥
PHASE | FAILUNE CESCRIFT |CW/EFFECT

P [FARLURE OF ACTUATOR MOWITORING SYSTEM TO TRE SELFTEST LIMIY RESULTE TN LOGS DF $EI1 PROTECTION. 1055 0OF VEHTCLE MUE

|70 OPEN AIR DETONATION OR FIRE MAY PESULT {F NFY OPENS AND T NOT DETECTED.

REDUMDANEY SCREEMS: CDNTROLLER SYETEM - EMGIWE EYETEM: UNLIKE REELMOQANGY

At PASS.  REDUNDAHT WREDWARE 1TEMS ARE CAPANLE OF CHECKDUT DUNING RORMAL GROUNE TURKARDUND
Br FAIL. LOSS EBF A AEOUKDANT HARDAMEE [TEM 1S NOY DETELTABLE bURLNE FLIGHT,

C: FASS. LOSS OF REQUNDANT NANDWARE ITEMS COLLO ROT RESULT FROM A& GIMGLE CREDIBLE EVENT.

H FATLURE OF ACTUATOR ROMTFDRING SYSTEM TO THE SELFTEST CIWCT RESULTS IM LOSS OF SEII PACIECTMOR. FAILURE OF PRCPELLANT
IVALYE POSITION CONTROL CAUSES YIDLATION OF REDLIKE LIMITE. CONTROLLEM [SSUES SLE INDICATJOH AMD [NITIATES HYGAAULIC
|ENGINE SHUTOOWN. COMTALNED ENGEINE OMMAGE. NISSION WBORT.

REDUNDAKCT SCREENS: COMTROLLER SYSTEM - EWGIHE SYSTEM: UNLIKE NEDUNDAHCY
A: PATE. REQUNDANT HARTWARE |TEMS ARE CAPABLE Of CHECKOUT DURING WOAMAL GROUMD TURNARDUND.
Bz FAIL. tOSS OF A REDUNDAWY HANGHRRE 1T€H LS MDT DETECTABLE OURING FLIGHT.
Ic: PASS. LOSS OF NEDUNDANT HARDUARE [TEMS COULO NOT RESILT EMOH N SIMGLE CREDIBLE EVENT.
I
= | FAILURE OF ACTHATOR MOUITORIMG SYSTEM TO THE SZLE TEST LIMIT RESULTS IN LOS OF SEIL PROTECTIDN, FAILGRE OF PROPELLANT

VALVE POSITION CONTROL CALMES UNCOMTAIMED EWGEWE DAMAZGE, FIRE AMD EXFLOSION. LOSS OF VEHICLE.

REQUMDANCT SCREEWE:

CONTROLLER STSTEM - EMEIME SYSTEM: UNLIKE REDUNDANCY

PASS. MEDPUMOANMT WARDVARE ITEMS ARE CARAELE OF CNECKTNIT DLP (NG WORMAL CAOLND TURKAROUNE .
FRIL. LO=3 OF & REDUNDAMT HASDWARE ITEM 15 NOT DETECTANLE DURING FLIGKT.
PAgS, LOSS OF REDUMDANT HARGWARE 1TEMS COXILD MOT NESULT FROM A SIWELE CREGIALE EVEMT.
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[ALL CAUSES: SERVOACTUATOR MCDEL MOWITOA CIRCUIT. {13

I

I

I

|EACH PROPELLANY VALVE BAS REDUNDANT CONTROL FROM EACH CONTROLLER CHAMMEL (1). A FALLURE 1§ BT COMTEQLLER CHANMELS
[{MILTIPLE FAILUREY, RESULYING 1M LOSS OF FUMCTION, RESULTS [N WYDRAULEC LOCKUP (2). THE CONTROLLER (MITK SOFTWARE ) IS
[COMFIGURED TC BETECT WMD RESPOND FROPERLY 10 OUT OF LINIT FATLURES, IMPLEMENT THE APPNOPRIATE REGUMOANCT MANAGEMERT
[RESFONSE, AND COMMAWD & SAFE ENGIME STATE (2). MWIMEVER, THE COWTRGLLEA (MITN SOETWARE} IS NOT CAPAGLE OF BETELK NG oR

[RESPOUDIHE TO A FAILURE WRICH REGLETS t THE LOSS OF COMIWDLLEN SELFIEST RESPONSE MLTNIN WORMAL SELFTEST NARGINS FOR
JTHE SEIL MONITORING SYSTER,

ELECTRICAL, WECHAMICAL, AHD ELECTROMECHANICAL PARTS FOR THE CIRCUITE [MVOLVED IN THI§ SUNCTION HAVE BEEM SELECTED FROM
ITHE CLASS 6 OR EQUIVALENT APPROWED PARTS SELECTION LIST ¢13, GUALITY ASSURNMCE AND SOREEMING REGUIREMENTS FOR HIGH
FELIABILITY MICROCIRCLATS {2], AMD THE SPECIFICATIOM COMTROL DRAWING FOR WICROCIRCUTTS, MOMOLETHIC SILLCON, AmD
TRANSTSTOR- TRANSESTDR 10GIC (TTL) FAMILY ©F DEVICES ¢33. PAIDE T INSYALLATION ON THE CARD ASSEMBLTES, CDMPOMERTS ARE
SUBJECTED TO A BUR-IN PERIOD WHERE PARTS ARE EXEACLSED AT TEMPERATURES IN EXCESS OF NORRAL COMTROLLER OPERATING
ENVIRONMENT, ALT LESS THAN CONPOMENT MAXIMUM SPECIFIED OPERATIMG EWYIROMMEMT, TO BCEEEN FOR INFAMT MORTALITY ¢41, [N
AODITIOM T0 THESE REQUIAEMENTS, Mt COMPOMENTS WRE DERATED FROM THE WAXIMUM NATING AT DPENATING ENTREMES (S).
CLEANLIUESS AMD ALL PROCETSES USED DURING MAMUFACTURE ARE CONTECLLED BY SPECIFICATION FEQUIREHEMTS [59.

THE COMIRDLLEN DESIGM MEETS ALL CEl FAIL-DPERATEFALLSASE RECUINEMENTS FOR TH[S FAILUNE MOOE ¢1). - REDUNDANT CONTNOLLER
CHANHEL FINCTICWS ARE PHYSICALLY SEFMIATED W!THIN THE COWTNOLLER MOUSING (2%, CIRCULTE ARE DESICMED TO PREVERT
BRIDGING (2, ALL EEE PAAPS ARE MEQUIRED TO HAYE COMFORMAL COATENG, AND [NTERNAL WIKIAG 15 IMSULATED TO PREVENT SADAT
CERCUIFS FROW CONDUEYIVE CONTAMIRATION €3). ALL ELECTNICAL EOHPONEWES ARE CONTAIMED WITHIN TNE CASE STRUCTURE WHICH 15
PRESSARIZED WETK & POSITIVE PRESSLRE [NENT GAS RACKFILL TO PREVEMT COMTAMINATION ¢2]. WHERE APPLICARLE, ELECTROMAYMET [
[FTERFEREKTE SNIELDENG 1§ PROVIDER AND CIRCUIT INTERCOMMECTS USE TWISTED PACR UIRIME {21, ALL CIRCUIT CAADS ARE KEYED
TO YHEIR MESPECTIVE DOMNECTION LOCATIONS T PRECIUCE IMPROPEN INSTALLATION (Z). KAWF CLAMPS MIE UMLLIZED TD PRECLLDE
VIBNATION JUDUCER CAND FAILURES (2}. DESJEN OF CINCUIT CARDS WMO DETERMINATION OF CDPFEN FATH TRACE SPACING, WELGHT,
AND WIDTH 15 COMYROLLED BY SPECIFICATION (2). EACK AMET (PROGUCTION AMD RECYCLE} 1% REQUIEED 1O PASS A FUNCTIOMAL
ACCEPTANCE TEST UKCEW EWYIROWMEMTAL COMDIYIONS BETOWD THUSE SEEN DURING NDRMAL FIELD OPERATION W1THOUT DEERADATION OF
HARUUMAE LEFE EXPECTANCY {2). A WONST CASE CIMCUIT ANALTSIS WAS FERFORRED TO VERIFY MOMINAL OPERAT[OM AT SPECIFICATION
LIMITS {4). AN ANALYSIS WAS PERFDAMEC Y WOMEYNELL TD ASSURE N0 JIMGLE POINT COMPOMENT FALLUNES ARE INWENENMT 11 THE
CONTROLLER DESIGN {5).
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JerL [TEM: £200-mx-02] DESIGH | DOOUMENT REF. 1

e e T R b T

| |DESIEN QUAL IFICHTION TESTING OF THE COMTROLLER ASSEMBLY HAS BEEN PERFORMED [NCLUDBING: FAULT [MSERTION TESTING o, [1] TRILGS2R2
AESENBLY THERMAL CYCLING {2], CASE AND ASSEMBLY VIEAATION TESTING {3}, ELECTROMAGNETIC 1WMTERFERENCE AND SUSCEPTIRILETY TRILOAN2DZ
TESTING (%), ACOUSTICAL WOISE TESTING (53, CASE ULTIMATE FRESSURE TEETING (&), AMD ASCEMELY BREAX DPEM IMSPECTIODN {M). T3 G0AAZSA

TAIL0BRXES
(2) TAL&DBN20Y

TR3S0B0207
(3} TRISO080204
| - TRISDBD205

TRILOBDZ0S

TRIADS 7oy
(41 TRILDB0209
(5) TREADAD2I0
{81 TRILOASD?
[tT) TRISOASDZE

|cIL [TEM: F20D-A-02Z | IMSPECTION AND TEST
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| POSSIBLE CAUSES | SIBWIFICANT CHRRACTERISTICS | EMSFECT ON(S) S TEST(S) | DOCIMEKT REF, ;
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ALl CAUSES: EEV4F3 - CONTROLLER | RE14%1

ASSERBLY FHIEGRETY II:LEIHI.IEEE RECW IREMENTS ARE YERIFIED PER SPECIFICATION PURINE HAMUFACTURING OF THE RC1495
JCONTROLLER ASSEMBLY. '

[EMVEROWMENT CONTROLS (TEMPERATURE, NUMIDITY) ARE ENFORCED DURING ASSEMBLY AMD TESTING PER |DSHGA9TTAA
SPECLFICAYLON AEGUEREMENTE.

IT0 PREVENT COMPOMENT DAMAGE, STA1IC ELECTRICAL OISCHNREE POTEMTIAL 15 COMTROLLED DURING  |OSHGER LA

I [MANUFACTURING PER SPECIFLCATION REQUIRENEKTS. I
-
A MATERIAL TWTEGRITY [MATENIAL [NYEGRITY IS VERIFAED PER SPECIFICATEON REGUIREMENTS. [re1ses
e | |
n
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..L;__________..-.---.-.---..--....__.__.__.___.._.____..1-.-.___.____________.1-.-.................-a.-._____--...-.._______....._....._...............__,.,,..,.,.__.____,......u_‘____'____‘____L

[CIL ITEM= Fafm-Am-02 | INSPECTION WD TEST
_,_______,_,___________._+___._.._.________.,_,,,.,.,_.,.,.....-....._.___.___,_...........-.‘_______........,.,...........,..........._..___,......_..-..d_‘_d_“_________.......____.__......_........__,._.____.__,___,_
| POSSIBLE CAUSES | SIGHIFICANT CHARACTERISTICS | INSPECTIDN{E)TEST(S) | DOCUMEMT REF.
____._,________________l_____,._,...‘._“..______________.‘................‘...____.............-.....-.......-.-.;___...........-‘....‘_______.--..-......._-__-.,.....-‘...._.‘.‘...;_______.__‘_‘______
| |PROTECTUVE FIMISHES AMD MATENIAL SELECTION TD PREVENT GETRIMENTAL CEFECTS FROM RC1593
JENVENOMMEUTAL EXFOSURE, STRESY CORNOSION, AWD ELECTROLYTIC COWROGION ARE VEREFIED PER MSFC-SPEC-250
SFECIFICATION REQULREMENTS.
|
FLAMMABILITY REQUENEMENTS ARE WEEIFIED FER SPECIFICATION NEGUIREMENTS. |Rc1493
| | -
INTEGRITY OF ELECTROMICS THE FOLLDMENG PROCESSES ARE VERCF [ED PER SPECIFICATEON DUNING MANUFALTIRING OF THE CARD
ASSEHBL IES;
|
) - CONETRUCTION OF PAINTED CIRCUIT BOARDS. RL10005
~ INSTALLATION OF TERMINALS. RL1pOaT
- PLASTICS AND ELASTOMERS FOR ELECTREMIC ENCAPSULATION. RL1D00A
',n - SGLOERED ELECTRICAL CIMMECTIONS, RLTIOD%
A = POST-SOLBERIMG INSFECTION FREE OF SPULATTER AMD COMTAMIMATION. - L 1 e
3 - ELECTRICAL BONDING. AC1493
- COHPOMEWT LEAD AND IMTERCOMWECTIDN MATERIAL SELECTIOM. - ASMO3PZH
- FREE OF COMTAMIMATION AFTER CONFORMAL COMTEMG. RC1493
WELD EMTEGRITY ALL MELDS ANE VERIFIED TO DRAMIMG AMD SPECEFICATION RECAIREMENTS. RLTODT 1
PRE-CLUSEOVT TESIING AND THE FOLLOMWLNG TESTS ARE PERFOAMED AT THE CAND/COMFOMERT LEVEL TURING MAMUFRCTUR]NG:
[NERECTION
= PARTICAL IMPACT WOISE DETECTION (PIMb) TEST ON HYBRID MICROCIRCUIIE AND CAVETY TYPE BSHCEFTITAL
DEVICES. .
= ULTRASDNIC SCAR JEST FOR DELAMINATION CERSMIC OF CAPALITORS (CKROS AND THROS], | DEHGEYTTAI
- TURH-1H PERID FOR ELECTRICAL PARYS. [LELE L
= TASULATION RESTSTAMCE AMD COWTIMULTY TESP, - |esheERTTR
1 - DIELECIRIC WITASTAMDING VOLTAKE. JOEHGEITTAY
{ - FUNCTIDMAL TEST, [OSHGARTIN

- N-RAT DF CONTROLLER [NTERWAL CAHLES AND WIRES, ' |p3rGARTIA
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| SICWIFICANT CHARAEVERISTICS
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| POSEIDLE CAUSES

A1t-4

CATTICAL ITEMS LIS&T PAGE §

|MII:E FIMICE TESPS

HOT FIRE ACCEFYAMCE TESTIMG
{CGHEEM AUM)

HEAMETLC SEAL ENTEGRITT

|FLIGHT FLOW TESTING
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IBSPECTION AND TESY
| INSPECT | O%{5 ) FESTES)

{ THE FOLLOWIMG [MSFECTIONS ARE FERFORMED ON [HE OOMPLETED ASSEMBLT PRIOR TO FIMAL CLIYGURE:

INTERMAL AND ENTERMAE CLEMWLIMESS.

CAND DIMENSIONS MRE WERIFIED AT CAAD ASSEMELY.
CHASSIS CAYITY INSPECTION FOR CONMTAMINATION.
ELECTRICAL |HTERFACE COHMECTOAS,

CAMID INSTALLATION AND COMFICURAT I8 AT,

~ CONFORMAL DOATING OF EEE PARTE.

THE FOLLOUINMG TESTS ARE FPERFORMED BY HDMEYWELL DRING ACCEFTANCE TESTIMG:

- HERMETIC SEAL MDD FRESSURIZATION PORT LEAK TE®ST.
~ FUMCTIIMAL TEST [CLLODLNG:
= INTPUT IMTERFACE,
- CRECKOUT,
- DFERATICN,
- CONTRILLER CHECKONIT.
- HIGH VEMPERATLRE OPERATJODN,
- LOU TEMPERATURE ORERAT DM,
- WIBRAYION FESTING.
~ FINAL FLMCTIOMAL TEST.

CONTROLLER DPERATION L5 VERIFIED THROLGE EMGINE HOT FIRE ACCEPTANCE TESTING.

INTERRAL PRESZURE 15 WONITOAED DURING COMTRDLLEA OPERATION.

THE FOLLOMING TESTS ARE PERFORMED DURING FLIGHT FLDM YEHICLE PRODCESSING AMD AFTER AMY
|MAINTENANCE DR REFLACEMENT:

- COMTROLLER CHECKOUT.

* ACTUATOR CHECKOUT.

- FLIGHT NEADIMESS TEST.
+ SELF-TEST,

A AR L ey m ERem - ama oo

| DGOUWENT REF,
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RCIAPS
DEHGEPTIN]
RC140%

RG 1555
PEHGBRTTAL
ESHDIPE

RC1493
LI 23]
[RC145F
RC1 490
RC14491
jacisy3
|nctéel
[LIAF-
|nC1493
AC1493

RLOMLST
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[CIL ITEW: F200-AX-02 |
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| POSSISLE CAUSES
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FAILURE H1STORTY;
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OPERATIOMAL USE;

ghkl-4d

| SIGHIFICAMT CHARRCTENISTICS |

PRE -FLIGHT CHECKDWT

|CONTINUOUS SELF-TEST

L O Y el L L L L]

[MNSPECTION AND TEST

INSPECTIONCE S TEST (S}

THE FOLLEWING TESTS ARE FERFORMED DURILG LMUNCH COUMTDOMM:

- PRE-CAYOQ LOADING COWTGOLLEN CHECKOUT.
- SELF-TEST.

COMTROLLEN OPERRTION IS VERIFIED @F THE CROUMO LALNCH SEQLENCER PRAOR 70 ENGINE START BY
ACCEFTAMCE OF COMMAKDE PUNGE SEDUEWCE 4, POMWER LEVEL, AUD START ENABLE.

BITE 7EST 15 PERFORMED EVERY MAJUR CYCLE TO WERUFY HARDWARE INTEGHLTY. (LAST TEX[)

COMFREHEWSIYE FALLURE HISTORY DATA 15 MAINTAINED JM THE PROGLEM NEPORTING DATABASE CPRAMS/FRACA}.
REFERENCE: MWASA LETTER $A217,080/308 ANl RIKEETDTHE LETTER RARCOPTS.

NOI APPLICABLE.
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